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Protected Amino Acid Chlorides vs Protected Amino Acid Fluorides:

Reactivity Comparisons.
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Abstract: Although Fmoc amino acid fluorides are excellent reagents for coupling of moderately hindered
amino acids (e g. Aib-to—Aib) lhey are not suited for signiﬁcantly more hindered systems (e g Aib-to-
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also ineffective for hindered systems due to competing oxazolone formation. This limitation is by-passed
if urethane protcchon is repldwd by arenesulfonyl protection and the Aib-to-MeAib and even the MeAib-
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Previous studies on the reactivities of simple carboxylic acid halides have revealed differing relative
orders depending on the nature of the test nucleophile.] With neutral oxygen nucleophiles such as HyO or
MeOH the fluorides are significantly less reactive than the chlorides but the reverse has been observed for
hydroxide ion.2 With amines the “normal” order 1> Br > Cl > F was followed for the benzoyl halides.3 These

results are expected where C—X bond breaking is ortant at the transition state for substitution. Presumal
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also commonly seen in the mechanistically related sub
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electron-withdrawing substitutents #
Compared with simple acid halides such as the acetyl or benzoyl derivatives, N-alkoxycarbonyl
(urethane) protected amino acid halides 1 occupy a special position due to their base-catalysed conversion to

oxazolones 2.5 The recently discovered urethane-protected amino acid fluorides 1, X = F, were remarkably
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1, X=Cl, Br 2 eq. 1
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resistant to this conversion, a fact which was taken to rationalize the more satisfactory application of the
5 3 : narionn s n ~ncrnoncs s PRGLOE PRGN s JENE TSRS I PR i S
fluorides 1o solid phase peptide synthesis in comparisor ith the ¢ capuudxus chlo 1d555"‘ T OTOITIGEs. ' 11

l}l
addition to their use with the proteinogenic amino acids, the protected amino acid fluorides could be routinely
ifficult coupling of a-aminoisobutyric acid {Aib) residues 8 Even more hindered systems such

...-

as 9-fluorenemethyloxycarbonyl-N-methyl-Aib-F (Fmoc-MeAib-F) could be coupled to H-Aib-OMe, most
effectively in the presence of a silylating agent such as bis(trimethylsilyl)acetamide (BSA).9-10

Coupling to the amino group of N-methylaminoisobutyric acid is at least an order of magnitude more
difficult than coupling to its carboxyl functionl! and such couplings, e.g., Fmoc-Aib-F to H-MeAib-OMe,
were next examined. The only previous example located, that of N-(benzyloxycarbonyl)-Aib-OH to H-
MeAib-NHMe, required treatment with bromotris(pyrrolidino)phosphonium hexafluorophosphate (PyBroP)

in the presence of diisopropylethyl amine (DIEA) for two weeks at room temperature to give the protected
dipeptide amide in 3% yield.12 Even unhindered amino acids (Phe, Ala) are difficult to couple to MeAib
vncidiiae 13

TOSIUUCS

In the present work extensive comparisons of the reactions between Fmoc-Ala-X or Fmoc-Aib-X (X =
Cl, F) and H-Aib-OMe or H-MeAib-OMe have been carnied out. The Aib-Aib couplings via the acid chloride
were marred by the expected oxazolone effect (Fig. 1). For Fmoc-Ala-Cl in the presence of BSA nearly
complete coupling to H-MeAib-OMe occurred within 30 min whereas the corresponding acid fluoride reacts
under the same conditions only to the extent of 3% and even after 24 h the reaction was only 24% complete
(Fig. 2). Thus for the less hindered normal amino acid chlorides peptide bond formation readily competes with
oxazolone formation, and for highly hindered substrates the chlorides are clearly more reactive than the

fluorides,
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(Cl, F) with H-Aib-OMe in dichloromethane (Cl, F) with H-MeAib-OMeesHClI in dichloromethane

Upon increasing the steric requirements of the electrophile beyond that of alanine, the reaction was
greatly inhibited and no coupling could be achieved between Fmoc-Aib-F or even Fmoc-Aib-Cl and H-MeAib-
OMe in the presence of either DIEA or BSA. With hindrance of this magnitude the practical limit for
urethane-based amino acid coupling appears to have been reached. This led to a consideration of other N-
protecting groups for which oxazolone formation, even for the acid chloride, is precluded. Indeed early
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emidiecl] showed that N-{n-toluenesulfonvixAib-Cl (Te-Aibh-CI) was effective in the counling of Aib-to-Aib
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groupl3 was expected to increase the reactivity of a sulfonyl substituted amino acid halide over that of its
carbamoyl counterpart. In line with this expectation, Ts-Aib-Cl reacted readily with H-MeAib-OMe. If this
reactivity enhancement also obtains in the case of the acid fluoride it is insufficient since Ts-Aib-F could not
be made to acylate H-MeAib-OMe.

To make practical use of this observation the tosyl group was substituted by the related but more easily
deblocked 2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonyl (Pbf)!6 residue. By maintaining anhydrous
conditions with toluene as solvent this coupling could be achieved (63%) even in the case of the extremely

hindered MeAib-to-MeAib coupling (eq. 2).
b o4 v ~7
I
0 :
= MeNHCMeng)zMe
"\ l DIEA / CSHSO-{S ” Me
Y T s0.NCMe,COCI SOQNCMeQCONCM92C02Me
1 Me ! Me
3 4 eq. 2

Deblocking of the Pbf residue could be carried out via trifluoroacetic acid (TFA)/Me;S, thus making further
chain extension possible. 17
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BSA may act both as base and N-silylating agent. The effect of prior silylation on coupling processes
carried out using amino acid halides will be described in the full description of this work.
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Pbf-MeAib-MeAib-OMe and H-MeAib-MeAib-OMeeTFA: DIEA (102 pL, 0.6 mmol) was added to
a solution of 100.2 mg (0.6 mmol) of MeAib-OMeeHClI in 900 UL of toluene. The mixture was filtered
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tide ester, obtained in 63% yield, was purified
HPLC to give 38 mg (52%) of the pure dipeptide ester, m p. 170-172°C, !H-NMR (CDCl3): 6 1.39 (s,
6, Mey), 1.48 (s, 6, Me3), 1.6 (s, 6, Mep), 2.1 (s, 3, MeAr), 2.5 (s, 3, MeAr), 2.54 (s, 3, MeAr), 2.77 (s,
3, NMe), 2.97 (s, 2, CH2), 3.25 (s, 3, NMe), 3.65 (s, 3, OMe); IR (KBr): 1741 (COOMe), 1642 (CON),
1306, 1132 cm1 (S0O3); ES-MS: 483 (M+1), Calcd 482 (M), Anal. Calcd for C24H3gN206S: C, 59.75;
H, 7.88; N, 5.81. Found: C, 59.33; H, 7.66; N, 5.81. Cleavage of the Pbf group was carried out by
treatment of 1 mg of the protected dipeptide with 100 pL of 10% dimethyl sulfide (DMS) in TFA.
After 1 h deprotection was complete and the reaction mixture was worked up by ether precipitation to

give 0.4 mg (86%) of the dipeptide methyl ester TFA salt, mp 162-164°C, ES-MS 231 (M+1), calced 230
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